Crystal structure of histidine-containing phosphocarrier protein from Thermoanaerobacter tengcongensis MB4 and the implications for thermostability.
Protein thermostability is an inherent characteristic of proteins from thermophilic microorganisms, and therefore enables these organisms to survive at extreme temperatures. Although it is well-known that thermostable proteins are critical for the growth of thermophilic organisms, the structural basis of protein thermostability is not yet fully understood. The histidine-containing phosphocarrier (HPr) protein, a phosphate shuttle protein in the phosphoenolpyruvate-dependent sugar transport system (PTS) of bacterial species, is an ideal model for investigating protein thermostability with respect to its small size and deficiency in disulphide bonds or cofactors. In this study, the HPr protein from Thermoanaerobacter tengcongensis (TtHPr) is cloned and purified. Crystal structure with good quality has been determined at 2.3 Å resolution, which provides a firm foundation for exploring the thermostable mechanism. However, it shows that the crystal structure is conserved and no clue can be obtained from this single structure. Furthermore, detailed comparison of sequence and structure with the homologs from meso- or thermophilic bacteria shows no obvious rule for thermostability, but the extra salt-bridge existing only in thermophilic bacteria might be a better explanation for thermostability of HPr. Thus, mutations are performed to interrupt the salt-bridge in HPrs in thermophilic bacteria. Using site-directed mutations and the circular dichroism method, thermostability is evaluated, and the mutational variations are shown to have a faster denaturing rate than for wild-type viruses, indicating that mutations cause instability in the HPrs. Understanding the higher-temperature resistance of thermophilic and hyperthermophilic proteins is essential to studies on protein folding and stability, and is critical in engineering efficient enzymes that can work at a high temperature.